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VALVE ASSEMBLY HAVING A PRESSURE BALANCED SEGMENT SEAL 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 

DEVELOPMENT 

[0001] This invention was made with Government support under contract 
number N00019-02-C-3002, awarded by the U.S. Navy. The Government has 
certain rights in this invention. 

FIELD OF THE INVENTION 

[0002] The present invention relates to plug valves and, more particularly, to a 
plug valve that includes a pressure balanced segment seal. 

BACKGROUND OF THE INVENTION 

[0003] Plug valves have been used, and continue to be used, in various 
industries. The plug valve is relatively simple in construction, and may be used to 
control the flow of fluid, both liquid and gas, through various parts of a system. 
Many conventional plug valves include a substantially cylindrical plug that is 
rotationally mounted within a valve body. The valve body includes inlet and 
outlet flow ports. The plug additionally includes a flow passage that may be 
selectively aligned with the valve body inlet and outlet ports, or positioned 
transverse to the valve body inlet and outlet ports. When the plug flow passages 
are aligned with the valve body inlet and outlet ports, the valve is open, and fluid 
flow through the valve is allowed. Conversely, when the plug flow passage is 
transverse to the valve body inlet and outlet ports, the valve is closed and fluid 
flow through the valve is prevented. 
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[0004] The plug may include a pocket into which a segment seal is installed. 
In many plug valves, this pocket is positioned on the plug such that the segment 
seal is pressure loaded against the valve body outlet port when the valve is closed. 
As a result, the segment seal may experience relatively large radial forces in the 
closed position. Thus, when the plug valve is subsequently moved to the open 
position, the plug and segment seal may experience relatively high frictional 
forces. These high frictional forces may result in the need to use a higher power 
valve actuator than might need to be otherwise used, which can result in increased 
valve and system costs. Moreover, the high frictional forces can damage the 
segment seal and/or plug. 

[0005] Hence, there is a need for a plug valve that experiences lower frictional 
forces, as compared to presently known plug valves, when it is being moved from 
a closed position to an open position, and/or a plug valve that does not rely on 
relatively high power actuators, and/or reduces the likelihood of segment seal 
damage during operation, and/or reduces valve and system costs. The present 
invention addresses one or more of these needs. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides a plug valve assembly that includes a 
segment seal assembly that is configured to reduce the differential pressure load 
across the segment seal assembly when the valve is closed. Thus, the frictional 
forces the segment seal assembly experiences when the plug valve assembly is 
moved between its closed and open positions are reduced. Thus, a relatively low 
power valve actuator may be used, and the likelihood of segment seal assembly 
damage during operation, is reduced. 

[0007] In one embodiment, and by way of example only, a valve assembly 
includes a valve body, a plug, and a segment seal assembly. The valve body has 
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at least a fluid inlet and a fluid outlet, at least one of which defines a cross 
sectional flow area. The plug is disposed within the valve body, and has at least 
an outer surface and a flow passage extending therethrough. The plug is 
selectively moveable between an open position, in which the flow passage is in 
fluid communication with the valve body fluid inlet and fluid outlet, and a closed 
position, in which the flow passage is not in fluid communication with the valve 
body fluid inlet and fluid outlet. The segment seal assembly is coupled to the plug 
and includes a main body, a seal gland, and a seal. The main body has a first side, 
a second side, and an opening extending therebetween, and is disposed proximate 
the plug outer surface. The seal gland is formed in the main body first side and 
surrounds the main body opening. The seal is disposed within the seal gland and 
is in contact with the plug outer surface, whereby a sealed vent region is formed 
between the main body first side and the plug outer surface. The sealed vent 
region has a cross sectional area that is substantially equal to or less than the 
defined cross sectional flow area. 

[0008] In another exemplary embodiment, a valve for mounting within a valve 
body having an inlet, and an outlet, and wherein at least one of the valve body 
inlet and outlet define a cross sectional flow area, includes a plug, and a segment 
seal. The plug is adapted to be mounted within the valve body, and has at least an 
outer surface and a flow passage extending therethrough. The plug is selectively 
moveable between an open position, in which the flow passage is in fluid 
communication with the valve body inlet and outlet, and a closed position, in 
which the flow passage is not in fluid communication with the valve body inlet 
and outlet. The segment seal is coupled to the plug and includes a main body, a 
seal gland, and a seal. The main body has a first side, a second side, and an 
opening extending therebetween, and the first side is disposed proximate the plug 
outer surface. The seal gland is formed in the segment seal first side and 
surrounds the segment seal opening. The seal is disposed within the seal gland 
and is in contact with the plug outer surface, whereby a sealed vent region is 



4 



formed between the segment seal first side and the plug outer surface. The sealed 
vent region has a cross sectional area that is substantially equal to or less than the 
defined cross sectional flow area. 

[0009] Other independent features and advantages of the preferred plug valve 
assembly will become apparent from the following detailed description, taken in 
conjunction with the accompanying drawings which illustrate, by way of example, 
the principles of the invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a perspective exploded view of a valve assembly according to 
an exemplary embodiment of the present invention; 

[0011] FIGS. 2 and 3 are cross section views of the assembled plug valve 
assembly shown in FIG. 1 ; 

[0012] FIG. 4 is a perspective view of a segment seal assembly that may be 
used with the valve assembly shown in FIGS. 1-3; 

[0013] FIG. 5 is a close-up cross section view of a portion of the assembled 
plug valve assembly shown in FIG. 1 ; 

[0014] FIG. 6 is a close-up cross section view of a portion of the assembled 
plug valve assembly similar to that shown in FIG. 5, but according to an 
exemplary alternative embodiment; and 

[0015] FIG. 7 is a perspective exploded view of a plug valve assembly 
according to an exemplary alternative embodiment of the present invention. 
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DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

[0016] An exemplary embodiment of a plug valve assembly 100 is illustrated 
in perspective view in FIG. 1, and in two different cross section views in FIGS. 2 
and 3, and is shown to include a valve body 102, a plug 104, and a segment seal 
assembly 106. The valve body 102 includes a fluid inlet 108 and a fluid outlet 
1 10. The plug 104 is mounted within the valve body 102 between the fluid inlet 
108 and fluid outlet 110. The plug 104, as shown most clearly in FIG. 2, is 
substantially cylindrical in cross section, and includes a flow passage 202 that 
extends through the plug 104. 

[0017] The plug 104 is rotationally mounted within the valve body 102, and is 
moveable between a closed position and an open position. When the plug valve 
assembly is in the closed position, which is shown in FIG. 2, the plug flow 
passage 202 is not in fluid communication with the valve body fluid inlet 1 08 and 
outlet 110. Thus, fluid flow through the valve assembly 100 is inhibited. 
Conversely, when the plug is moved to the open position, the plug flow passage 
202 is in fluid communication with the valve body fluid inlet 108 and the valve 
body fluid outlet 110. Thus, fluid may flow through the valve assembly 100. 

[0018] The plug 1 04 may be rotationally mounted in the valve body 1 02 using 
any one of numerous types of hardware and hardware configurations. In the 
depicted embodiment, however, the plug 104 is rotationally mounted using two 
bearing assemblies, an upper bearing assembly 1 12, and a lower bearing assembly 
1 14. The lower bearing assembly 1 12, as shown in FIGS. 1 and 3, is preferably 
biased upwardly by a spring 116. This upward bias is provided to inhibit axial 
movement of the plug 104 and to load the upper 1 12 and lower 114 bearing 
assemblies. It will be appreciated that the valve assembly 100 could be 
implemented without the spring 116. 

[0019] The valve assembly 1 00 could be configured to be controlled manually, 
automatically, or both. However, in the depicted embodiment, the valve assembly 
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100 is configured to be controlled automatically. In this regard, the valve 
assembly 100 additionally includes an actuator assembly 118. The valve actuator 
assembly 1 18 is mounted to the valve body 102, and is coupled to the plug 104. 
The valve actuator 118, which may be any one of numerous known actuator 
assembly configurations, responds to valve command signals it receives from an 
external source (not shown), and rotates the plug 104 between the open and closed 
positions. 

[0020] A recess 204, which may be seen most clearly in FIGS. 2 and 7, is 
formed in the plug 104. The recess 204 includes a plurality of engagement 
sections 206 that extend substantially perpendicularly away from an inner surface 
208 of the recess 204. The segment seal assembly 106 is at least partially 
disposed within the recess 204 and is held within the recess 204 by the 
engagement sections 206. Thus, the segment seal assembly 106, which will now 
be described, rotates with the plug 104. 

[0021] The segment seal assembly 106, which is shown in perspective view 
apart from the plug 104 in FIG. 4, includes a main body 402, a seal gland 404, and 
a seal 406. The main body 402 includes a front side 408, a back side 410, and an 
opening 412 that extends between these two sides. In the depicted embodiment, a 
cavity 414 is formed in the main body front side 408. A spring element 416 is 
shown disposed in the cavity 414, which biases the segment seal assembly 106 
toward the fluid outlet 1 10 when the valve assembly 100 is in the closed position. 
The spring element 416 could be any one of numerous spring elements including, 
for example, a crest-on-crest wave spring, a wave washer, a Belleville washer, or 
a helical compression spring. As will be discussed below, the segment seal 
assembly 106, in some embodiments, could be implemented without the spring 
element 416. It will additionally be appreciated that the segment seal assembly 
could be implemented without the cavity 414. Indeed, in the preferred 
embodiment, neither the spring element 416 nor the cavity 414 are included, to 
reduce manufacturing costs. 
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[0022] The seal gland 404 is formed in the main body front side 408, and 
surrounds the opening 412. The seal gland 404 additionally surrounds the cavity 
414, in those embodiments in which the cavity 414 is included. The seal 406 is 
disposed within the seal gland 404. Thus, when the segment seal assembly 106 is 
coupled to the plug 104, a sealed vent region 418 is formed between the main 
body front side 408 and the plug 104. This sealed vent region 418 is in fluid 
communication with the main body opening 412. As shown most clearly in FIG. 
2, the seal gland 404 and seal 406 are sized and dimensioned such that the sealed 
vent region 418 has a cross sectional area 208 that is equal to or less than the cross 
sectional flow area 210 of the valve body outlet 110. Preferably, the cross 
sectional area of the vent region 418 is only slightly less than the cross sectional 
flow area of the valve body outlet 110. By configuring the segment seal assembly 
106 so that the vent region cross sectional area is less than the valve body outlet 
cross sectional flow area, a slight net force will exist when the valve assembly 100 
is in the closed position, which will push the segment seal assembly 106 toward 
the valve body outlet 110. 

[0023] In addition to being formed with an appropriate circumferential 
dimension, the seal gland 404 if further formed to have an appropriate depth. In 
particular, and as shown most clearly in FIG. 5, the depth of the seal gland 404 is 
dimensioned so that when the seal 406 is disposed within the seal gland 404, the 
seal 406 will be sufficiently compressed over a wide range of fluid pressures. In 
particular, the seal gland depth is dimensioned such that the seal 406 will be 
sufficiently compressed, to thereby adequately seal the vent region 418, even 
when fluid supply pressure is low. This will ensure that leakage around the seal 
406 and into the vent region 418 will not occur at low fluid pressures. This also 
allows, at least in some embodiments, the segment seal assembly 106 to be 
configured and installed without the spring element 416. In yet another 
alternative configuration, a close-up view of which is shown in FIG. 6, a back-up 
ring 602 may be disposed within the seal gland 404 along with the seal 406, to 
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prevent the seal 406 from extruding from the seal gland 404 when the valve 
assembly 100 is used in relatively high pressure applications. It will be 
appreciated that the seal 406 may be any one of numerous types of seals, and is 
not limited to the O-ring type seal that is depicted in the drawings. 

[0024] The segment seal assembly main body 402 may be formed of any one 
of numerous known materials that provide good wear and sealing characteristics 
when disposed in the valve body 102, which is typically constructed of a metal. 
Such materials include, but are not limited to, plastics, such as polyimide, teflon, 
and peek, elastomers, such as silicone, fluorosilicone, and fluorocarbon, and 
metals, such as aluminum, and bronze. In a preferred embodiment, the main body 
402 is formed of aluminum. In addition to appropriate material, it will be further 
appreciated that the segment seal main body 402 is formed such that those 
surfaces that contact the valve body 102 have fairly smooth finishes. 

[0025] The plug valve assembly 100 depicted in FIGS. 1-6 and described 
above, is implemented as a two port valve. However, it will be appreciated that 
the plug valve assembly 1 00 could be configured with more than this number of 
ports. For example, an exploded perspective view of a three port valve assembly 
700 is illustrated in FIG. 7. Moreover, in the above description and included 
illustrations, the plug 104 and segment seal assembly 106 are configured such that 
the segment seal assembly 106 is disposed adjacent to the valve body outlet 110 
when the valve assembly is in the closed position. However, it will be appreciated 
that the plug 104 and segment seal assembly 106 could be configured such that the 
segment seal assembly 106 is disposed adjacent to the valve body inlet 108 when 
the valve assembly is in the closed position. 

[0026] The plug valve assembly 100 and segment seal assembly 106 
configuration described above reduces the differential pressure load across the 
segment seal assembly 106, which reduces the frictional forces the segment seal 
assembly experiences when the plug valve assembly is moved between its closed 
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and open positions. As a result, the actuator assembly 118 that is used to control 
valve movement can be a relatively low-power actuator, as compared to those 
presently used on plug valve assemblies 100. The configuration of the segment 
seal assembly 106 also reduces the likelihood of segment seal assembly damage 
during operation, which can result in valve and system cost reductions. 

[0027] While the invention has been described with reference to a preferred 
embodiment, it will be understood by those skilled in the art that various changes 
may be made and equivalents may be substituted for elements thereof without 
departing from the scope of the invention. In addition, many modifications may 
be made to adapt to a particular situation or material to the teachings of the 
invention without departing from the essential scope thereof. Therefore, it is 
intended that the invention not be limited to the particular embodiment disclosed 
as the best mode contemplated for carrying out this invention, but that the 
invention will include all embodiments falling within the scope of the appended 
claims. 



